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Intmduction ms-z 
aPPl 
h v e  
pepe &lor t o  laupch, a typical hunch vehicle. 

resembles a circuLar cylinder cantilevered from tlae 
Baae. 
loads vhtch a ui3-l A J ~ I J S  in sucb a structure. 
A i r  flov attod circular cylinders has been studied 
extensidv fer submit i d  Revrtolds nambers, vhere 

(he would like to be able to p d i c t  the 
mtfoa - 

enaurrfi that even a rrentle breeze resuits it1 Rev- - _  

ders, uith empkasis un laree Reynolds nunhers. 
task is di f f icul t  since lxuidary-layer transition 
is nvv a c+x@licsthc factor. In addition, such 
factors as u06e s t s p e  and prutuberanfes U b i &  
differentiate an actual vehicle from an ideal 
cylinder have proved t3 be important. 

me 

Iiivestigatian af the f l - w  uver siwle c y l i n -  
ders hus &wn needed insight into the flov behav- 
isr at supercritical Reynolds nunberc. Funti;‘ has 

tfiert ane or tvc diameters apart, in  the sane rW:e 
of Repalsis ambers. Knowledge 1,: t~re t o r c u y  
frequencies ami of the degree of currrLrrriun 
betmeen tne forces ai vnri-us staii”ns is require.3 
tc predict the stresbes in a11 elastic btracJture. 

Investrgatiors 3f the prabfern have b e e 1 1  con- 2 * ducted at APES &search Center for saw? y e a r s  i n  
the of Reynolds numbers from 1 to 10 million. 
muever. the wrk has becn confined I% ecufimua- 

0 

upper-stage d-ter, ft 

first cantilever smle freq-y 
la terd  direction, cps 

structural parametftr, Ilr 

rsodel length. ft 

. . ,_ 

= b I Q  value of lateral dynasitc 
bending -nt in  first CsdtZ3.e 
d e  for 1-minute data m e .  

m a s s  per unit length, elus 

nltorber related to structural I 

teribtics of the nwbel, 

- free-stm aynerric press 9 - 
t i a m  awrazc&r&hg a c t a  lettnch veblelee.. 
interpretstirin- of the results LCS o h  beclvuded 

2 by u~lcpectfd trends, the work has deveZaped into 
e aoexpiorato of investigation W at pro- 
W u 3 d h g a t R t  €#active of the effec€s of the X 

3ecauae 

iabl lv& With such vehldles. 7Xe 
part of the effort has bee3 eqtended i n  

estttltliahtng the lateral osciUatoory fslads since 

R 
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prnctice of e a r l i e r  lnvestlgetmfi. 
S~I~JUTI, which is t u  be the -io of comparison, the 
respwse cuef'ric ient  is constant a t  a p p r o x b t e l y  
2 over a wide range of veloci t ies .  

For tbe c ~ p e  air denetty, slugs per cubic fout 

d e  shape of first ceuit ilever m d e ,  
loca l  deflectivir 

t i p  deflectirm 

Results 
Tests and Ista Reductiulr 

Cunduit Effectc 

A conduit on the stajpmtion l i n e  increased the 
ouclllcttion by an order of Jmgnitude, 86 shown i n  
pic. I , .  aita are shown for condults with diaraeters 
1 /I1 and l/g of thc 'tpper 6-e diameter. Both 
cizer  were t r i e d  un the upper stwe, and t h e  larger 
s i z e ,  un the lqwr stage only. The fa i r ing  of thgr 
datu. is extended h p n d  the data points  i n  cases 
vliere the usc i l la t ions  were increasing rapidly and 
euergency stops w e r e  necessary. It was obsenred 
tllai the mdel m t i o n  had a much =,re nearly cun- 
stant m p l i t u i e  a t  the rery la rge  coeff ic ients  than 
at  the s d e r  ones. This seemed t o  indicate a 
def in i te  departure f rum the random r e s p n s e  e s o c i -  
ated w i t h  supercr i t ica l  Reynclds numbers. Less 
e f l e c t  .=as prduced as the conduits were reduced in 
s ize  o r  were located l c v e r  vn the d e l .  

Model A uas also tes ted with a horizontal p l a t e  
under the  nose. The purpose of tne p la te  was t o  
e l h m a t e  t h e  e f fec t  o f  the nose an the  f l o w  around 
the cyl indrical  sections. me data are shovn in 
Fig. 
Looking f i r s t  at t h e  results f o r  t h e  basic configu- 
ra t iun ,  une cen see that there were la ree  responses 
a t  lww speeds, as before. 
extend the data t o  high speeds by passing rapidly 
throwh the f i r s t  region of la rge  response.) By 
comparison with Fig. h ,  it appears that the only 
e f i e c t  of the p la te  ras t o  move the conduit e f f e c t s  
t u  s l i g h t l y  higher speeds. 
cnwze in  response vas caused by increasing the  
dampine. 
a large cc.nstant-awplitule notion lead to the  deduc- 
tion t h a t  m t i u n  of  the d e l  caused much of the 
exis t -  exci ta t ion.  
accurate simulat:on of a vehicle with conduits 
reqaires t h e  duplication cf factum, such 86 damp- 
. I %  and re1atP.e density r a t i o ,  whicn a f f e c t  the 
nutiun of the vehicle when subjected t o  a transient 
exci ta t ion.  
inated by fa i r ing  the  conduit with tape. 

for two roodel dampings and t w o  cmdui t  shapes. 

( I t  ya6 possible t o  

A mre s igni f icant  

This resu l t  together with observations of 

It w u l d  appear that an 

The conduit e f fec t  uas e n t i r e l y  elim- 

The addition of other conduits in cer ta in  pel- 
t ions ala0 e l W t e a  the exitat:= caused by the 
upstream conduit. pig-  8 shows t h e  reaponsc of 
the  &el with two conduits i n  varlous p s i t i c m e .  
When the second conduit va5 l&P f r o m  the Btagnation 
line, the response was large, but when the mobd  
conduit was placed at W ,  it seem& to  fix the 
point df separation so that  the  ups t r emdi s tw-  
was cancelled. Results not shown here indicate  that 
a f a i d  conduit at .p" COUM not reiuce the 
response as ef fec t ive ly  as the  unfaired conduit did. 
Models with t h e  or four condufts of equal siee 
tended t o  produce less oscillation than m d e b  w i t h  
one conduit l a q e r  than the  others. 

Figure ir presents data for  the 1 3 9  psitian. It 

separate meps through the speed range u i t h  this 
conduit p - t .  Wertheless, the codition 
O c ~ i O a a l l Y  proaueed rather &ge re-. 

One other conduit posi t ion is vol-thy Qf COollBnt 

impossible t o  obtain CrwrSistRnt mats 

The mdels  discussed iiereln arc sketcheb i n  
Fig. 1. The muiels vere b u i l t  of fllrrminum u r  steel 
w i t h  internal  weights such tha t  the f'irst Canti- 
lever  bending character is t ics  of hypotb.?tiCal Vehi- 
c les  were simulated. "he conl'@rati;ms evidvcA 
from tests with contractors who w e r e  cinUhtlLIg 
real vehicles, but tndif icat ions tmve Wen m&e to 
the configurations for rfxearch purposes I 
quently, the mdels  do nut represent any actual  
vehicle. nie  mrdels w e r e  b l ted d i r e c t l y  $9 the 
floor structure of' the Ames E - f o o t  pressure t u n -  
nel, and tending aurueiits were loeasured by neans t v f  

s t r a i n  gages inside the &?del. C i r c u l a r  hx ieonta l  
plates  were placed under the noses of audels A aid 
C for  some ,df the t e s t s  and a re  indicated on the 
sketches w i t h  dashed l i n e s .  Model E and tne 
associated inatrluoent.ation have been previously 
described. 

Conse- 

External conduits w e r e  s i m u l a t e d  by rods 
attached to  the uk-del as shown i n  Fig. 2 .  An 
umbilical t a w r  w i t h  a s a l i d  blast shield next 
the vehicle vas simillat.ed by a twx s t ructure ,  s!tvwn 
in Fig. 3.  The screen Gn the I'runt and ~ i d e s - r e p r e -  
sents pipes and conduits tha t  f i l l  an actual  tuwer. 
nie tower was s y m e t r i c a l  with respect tu a plane 
through the d e l  and tower axes. 

A s8mple of the bending mmzntn measured a t  
the base of model A without conduits o r  tijwer ir: 
presented in Fig. 4. Both average and L:scillnt:iry 
compcaents are shorn as a function of.Ytest velocity. 
Each point on t h e  curves of osc i l la tory  ukx&nts is 
the maximum measured in abut 1,300 cycles uf L?scil- 
l a t ion  in the f i r s t  cantilever ixiide. The Reyiolds 
numbers noted on t h i s  and oAher  figures are k e d .  
on t h e  upper stage d i e t e r .  Large Reynolds nm- 
bers were obtained by tes t ing a t  velbci t ies  up t r J  

threa-tenths of the speed of somd w i t h  a i r  density 
in tne vind tunnel a'wut f ive times normal a t m s -  
pheric density. 

One purpose of Fig. 4 is t o  show the s ize  of 
the loads induced in a &el with re la t ive ly  l i t t l e  
tendency to o s c i l l a t e .  The s t ruc tura l  damping of 
the &el (about 0.4 percent of c r i t i c a l )  was l ess  
than that of a typical  ful l -scale  vehicle; hence, 
the oscLllatury loads are higher than would be 
real ized w i t h  t h e  proper damping. Nevertheless, 
lateral osci l la tory loads a t  least half the s i z e  uf 
the average dragwise loads would be expected for  
t h i s  configuration. This re la t ion  provides a basis 
for  evaluating the significance of the factors  
vhich' increase the osc i l la t ions .  

To f a c i l i t a t e  comparisws, the l a t e r a l  osci l -  
l a tory  loads were converted t o  response cueffi- 
c ients ,  a6 shown in Fig. 5. The coerf ic ient  . . . . .  
involves s t ruc tura l  factors  and is designed t o  be 
Independent of model character is t ics  on the assmnp- 
tions tha t  the exci ta t ion is random and independent 
of the response. 
l a t i o n  of the coeff ic ient .  

. 

Referince ri discusses the formu- 

to reduced velocity, V/~D, fomwing the 
-'test veloci ty  va~, 
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It msy be noted tha t  the conduit h c r e w e d  the  
response a t  about the sene speed whether it 
WE,:& on &e upper stage or the lower stage. 
arl other b t a  tended t o  indicate t h a t  the adverse 

_ I  the conduit, rather than the Reynolds n m k r  or 
reduced velocity panmeter for the  cylinder. 

Tower Effec ts  

This 

;duit e f fec ts  vere re la ted  t o  the lieynolds number 

Another source of la rge  osc i l la t ion  was an 
m b i l l c a l  tower. The one cclnsidered here was some- 
what unusual in location and shape ard i s  not 
intended t o  represent a typ ica l  tcwer. 
vind orientation vas v i t h  the  model d i r ec t ly  dwn- 
Wind from the tover. 
coef f ic ien ts  fo r  tvo spacings hetveen the  tover and 
nudel. The tower evidently acted as a flat p l a t e  
and periodically shed vortices o n t o  the  d e l .  
.%E idea of the wake pa t te rn  is given by the fact 
tha t  the average dragwise m m n t s  on the  &el vere 
negative i n  both s i tua t ions  shewn. Other tests 
indicated that changes in  m d e l  appez&a@s o r  damp- 

' Jw or frequency vould not ldat,erially change the 
coefficients,  

'he c r i t i c a l  

Figure 10 shovs response 

A number 3f tover f ixes  were tes:ted. i n c l d i n g  
remval  of mterial h m  the sol id face. The nwst 
ef fec t ive  mdi f i ca t ion  vas a so l id  p l a t e  vtlich was 
attached t o  e i the r  the upstream or downstream face 
of the tower and projected on both s ides .  
wider the  p l a t e  m. the more ef fec t ive  it was. A 
p l a t e  tvice the  vidth of the tower and covering 
m l y  the area i n  f ront  of the upper stage reduced 
the maximum response by a i'actor of j. for  the 
closer tover l oca t  ion. 

Nose Effec ts  

me 

It has been established by a number of investi-  
gators t h a t  the nose of a vehicle is a source of 
exc i ta t ion .  A research shape t h a t  is part icular ly  
conducive to induced osc i l la t ions  is a hemisphere. 
Figure ll shovs a photograph of o i l  on the surface 
of model E. vhich has such a nose. The l i n e  of 
f l av  separation is outlined by the  accumulation of 
o i l  along the  irregular l i n e  a t  the  r igh t  of the 
picture.  The separation line terminates belov the  
t i p  Qf the  &el, and air appears t o  f k v  over the 
top and down in to  the wake behind the cy l indr ica l  
part of the  d e l .  
shoving that t h i s  nose shape a f fec t s  the pressure 
fluctuations on the cylindrical  sections for  at 
least 2 diameters below the nose. 
the nose can be eas i ly  nu l l i f i ed  with a t i p  spoi le r ,  
which prevents the f lov  of air down in to  the  rake 
of the  upper stage. 

hta' have been published 

The e f f e c t  of 

a 
!Fypical coefficients for  a hemisphere-nose con- 

figuration are shorn i n  Fig. 12. 
induced by e blunt nose vas found t o  be sens i t ive  
to the roughness of the cy l indr ica l  sections near 
the nose. 
used to  simulate the  roughness on t h i s  model, 
although g r i t  has produced the 6 a k z  ef fec ts .  'ihe 
response v i t h  roughness tended t o  be more sens i t ive  
t o  charges i n  reduced veloci ty  than t o  changes in 
Reyralda n u h e r .  
ne66 proxoted an ea r ly  and s t r a igh t  t rans i t ion  of 
the bollodary layer. 
increase the pressure fluctuations,  however, except 
near the n06e. Blo coupling of the d e l  motion and 
the  excitation va.6 apparent. 
Shapes a p P m t h g  the hemisphere have been 
dxie;enred to lnduce siaiitar response charac te r i s t ics .  

The response 

S t r ip s  of tape 0.003 inch th ick  were 

It was concluded tha t  the rough- 

me added roughness did not 

A variety of nose 

i 

One way of creating separation on the nose and 
thus reducing t.!ie adverse no8e e f f e c t s  is t o  
s t r e t ch  t h e  nose longituI!nally Into shapes with 
high finenem ra t io s .  'Phe beneficial e f f ea t s  of 
ciiarlcJing t o  such nose ~hapes have been reported,4 
but. a f ev  impurtant except ims were noted. Tests 
ar m~jddcl C nave also dcrmastrated the poss ib i l i t y  
of lar6:e excitation under cer ta in  conditions. 
m d e l  has a nose v i th  a 2I4O included angle. 
t.he nude1 has a constant diemeter up t o  t h e  nose, 
t he  area potent ia l ly  under the inf lmnce of t h e  
nose is large. Figure 1 3  presents data f o r  the  
d e l  v i t h  and vithuut a p l a t e  under the nose. The 
l a rge  reductiun in re:jpmse cawed by the p l a t e  
indicates t ha t  the flow around t h e  nose v&6 respon- 
cible fo r  t h e  excitation. In eddition, the  charac- 
t e r i s t i c s  Shat iiidIcate a coupling between d e l  
m t i o n  end exc i ta t ion  vere observed. That is, the 
amplitude became constant. and an increase in.-- 
ing reduced the coef f ic ien ts .  I t  uas als2  n d e d  
tha t  protuberance:: on the mdel generally reduced 
the tendency €1 I r  ;isc i l l a t  i ijn . The la rge  response 
s?iovn in Fig. Ij i s  therefere the result of a 
rather special  combination of factors.  F r o m  cbser- 
w t i o n s  of other wdels it is Oelieved that n?ses 
v i t h  - m i l 1  c.;ne angles m y  a l s z  induce : iscil lations,  
biit the e f f ec t  vi11 occur a t  higher speeds than f3 r  
blunt cones. 

!this 
Since 

Concluding Xeiemarbs 

I n  6-ry. test recults obtained on d e l 6  in 
a steady vind have been presented t o  indicate 
potent ia l  sources of osc i l la t ions  induced by ground 
winds in  launch vehicles.  The following caused 
la rge  osc i l la t ions :  

1. r,inTle conduits 
2. an umbilical tower 
3 .  blunt noseti 

it was indicated tha t  d e l  motion and roughness 
accentuate the vind exc i ta t ion  in  cer ta in  cazes. 
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m- 1.- Models. 

Fig. 2.- Model A with conduits. 

Fig. 3.- Model A w i t h  umbilical tower. 

~ i g .  4.- &ding momen& on model A. 

Fig.  5.- Iateral response coefficient for model A. 

Mg . 6 .- Response of d e l  A with upstream conduit. 

Pig. 7. - Response of Illode1 A with upstream conduit s m t e  under 
nose; conduit on upper stage. 

Fig. 8.- Response of model A with two conduits. 

Fig. 9.- Response of d e l  A w i t h  135O canduit. 

Fig. 10.- Response of e e l  A with upstreem toTller. 

Fig. ll.- Ebdel B - upper portion. 

Fig. E?.- E(reeponee of model B .  

pig. 13.- €bsponse of model C .  
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